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1. Introduction
[bookmark: _Hlk101186498]During RAN1 #109e, companies have some discussions on multi-cell PUSCH/PDSCH scheduling, and the following summary can be drawn from the RAN1 #109e agreements [1]:

· DCI format 0_X/1_X are used to schedule PUSCHs/PDSCHs on multiple cells
· DCI format 0_X/1_X can be used for single cell PUSCH/PDSCH scheduling
· FFS: Whether/how DCI size budget limit (legacy: “3+1” per scheduled cell) is maintained (in terms of scheduling cell or scheduled cell)
· FFS: How to do BD/CCE counting for multi-cell scheduling DCI
· FFS: How to indicate the scheduled cells in DCI format 0_X/1_X
· FFS: For each DCI field in 0_X/1_X, common or separate or configurable

[bookmark: OLE_LINK249]In RAN1 110, we would like to highlight the following agreed contents [2]:

· [bookmark: OLE_LINK195]When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot n+k, where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n is the last UL slot overlapping with the DL slot nD for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot nD for sub-slot based PUCCH.
· [bookmark: OLE_LINK207]FFS details of reference PDSCH
This contribution provides our views on multi-cell PUSCH/PDSCH scheduling with a single DCI. 
2. [bookmark: OLE_LINK202]Structure of multi-cell scheduling DCI
In this section, we discuss the structure of multi-cell scheduling DCI. Assume the number of co-scheduled cells simultaneously = 3, an example of the 1-segment and 2-segment DCI design is shown below in Figure 1. 
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Figure 1. Comparison of 1-segment and 2-segment DCI


[bookmark: OLE_LINK214][bookmark: OLE_LINK253]Proposal 1: RAN1 to consider both 1-segment and 2-segment DCI design (as shown in Figure 1) and compare their pros and cons to support R18 multi-cell PUSCH/PDSCH scheduling with a single DCI.

3. DCI size, BD/CCE budget, and search space configuration
In RAN1 #110, the following FL proposal (in brown) was proposed in the feature lead summary [3] during the email discussion:

Proposal 2-6 and Proposal 2-7rev2:
· In order to discuss BD/CCE budget in case a UE monitors DCI format 0_X/1_X or both legacy DCI formats and DCI formats 0_X/1_X in a slot on a scheduling cell, Rel-17 PDCCH monitoring limits (i.e.,  and ) is used for further discussion.
· For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Option 1 is considered: 
· [bookmark: OLE_LINK217]Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each co-scheduled cell.
· [bookmark: OLE_LINK218]Alt 1-2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same potentially co-scheduled cell.
· Alt 1-3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more co-scheduled cells configured with PDCCH candidates for multi-cell scheduling. 
· Alt 1-4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.
· FFS details on how to maintain the DCI size budget, e.g., via DCI size alignment or configured size for the DCI format 0_X/1_X.
· Other alternatives are not precluded.

We think the legacy (up to Rel-17) BD/CCE budget and DCI size budget should be kept.

[bookmark: OLE_LINK216][bookmark: OLE_LINK254][bookmark: OLE_LINK223][bookmark: OLE_LINK222]Proposal 2: A UE applies Rel-17 PDCCH monitoring limits (i.e., same  and  as in Rel-17) in a slot and DCI size limit (i.e., “3+1” per scheduled cell) regardless of monitoring legacy DCI formats or DCI formats 0_X/1_X or both in the slot. 

[bookmark: OLE_LINK219]In current spec (up to Rel-17), DCI size budget is maintained per scheduled cell. This should be kept.

[bookmark: OLE_LINK220][bookmark: OLE_LINK224]Proposal 3: Existing DCI size budget is maintained per scheduled cell regardless of UE is configured with DCI formats 0_X/1_X or not.

[bookmark: OLE_LINK221]In current spec (up to Rel-17), BD/CCE is counted on the scheduled cell. This should be kept.

[bookmark: OLE_LINK225][bookmark: OLE_LINK229]Proposal 4: BD/CCE is counted on the scheduled cell regardless of UE is configured with DCI formats 0_X/1_X or not.

[bookmark: OLE_LINK226]The following question would be, since one DCI can schedule multiple cells, say cell 1, cell 2, and cell 3, it is not clear which cell should the corresponding DCI size and BD/CCE counted on.

[bookmark: OLE_LINK228]Observation 1: When one DCI can schedule multiple cells, say cell 1, cell 2, and cell 3, it is not clear which cell should the corresponding DCI size and BD/CCE counted on.

[bookmark: OLE_LINK233][bookmark: OLE_LINK230]A potential solution would be, use a pre-defined rule to determine which cell should the corresponding DCI size and BD/CCE of one multi-cell scheduling counted on.

[bookmark: OLE_LINK234][bookmark: OLE_LINK246][bookmark: OLE_LINK231]Proposal 5: For a multi-cell scheduling DCI, use a pre-defined rule to determine which cell should the corresponding DCI size and BD/CCE counted on. For example:
· [bookmark: OLE_LINK232]The corresponding DCI size and BD/CCE is counted on the co-scheduled cell with the lowest ServCellIndex 
· The corresponding DCI size and BD/CCE is counted on the co-scheduled cell with the highest ServCellIndex

[bookmark: OLE_LINK243][bookmark: OLE_LINK235]Another potential solution would be, use a RRC configured or pre-defined table to define which cell should the corresponding DCI size and BD/CCE of one multi-cell scheduling counted on.

[bookmark: OLE_LINK248][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK247]Proposal 6: Or, for a multi-cell scheduling DCI, use a RRC configured or pre-defined table to define which cell should the corresponding DCI size and BD/CCE counted on. For example:
	[bookmark: OLE_LINK241]Scheduled cells combination for one multi-cell scheduling DCI
	Which cell to count the corresponding DCI size and BD/CCE

	Cell 1, Cell 2, Cell 3, Cell 4
	Cell 1

	Cell 2, Cell 3
	Cell 2

	Cell 2, Cell 3, Cell 4
	Cell 3

	Cell 1, Cell 3
	Cell 3




At the same time, the search space configuration can be designed as:

Proposal 7: For a multi-cell scheduling DCI, its search space is configured under the cell which the corresponding DCI size and BD/CCE is counted on.

[bookmark: OLE_LINK242]Or, search space design can be simple if search spaces for DCI 0_X/1_X are only configured on the scheduling cell instead of search space linking.

Proposal 8: Or, search spaces for DCI 0_X/1_X are only configured on the scheduling cell, instead of using search space linking.

4. Scheduled cells indication in the multi-carrier scheduling DCI
As shown in Figure 1, the green part refers to the scheduled cells indication. For this part, we have the following proposal:

[bookmark: OLE_LINK255]Proposal 9: The green part in Figure 2 consist of a bitmap indicating cell(s) scheduled by the 1st and/or 2nd DCI segment:
· Bitmap size = number of configured scheduled cells for this scheduling cell (Ex. 4  bc1bc2bc3bc4)
· Each bit corresponds to one of the configured scheduled cells, with MSB to LSB of the bitmap corresponding to the first to last configured scheduled cells in ascending order of ServCellIndex
· Number of 1’s in the bitmap <= maximum number of cells that can be scheduled simultaneously (Ex. 3)
· Only an “1” in the bit map means there is no 2nd segment (Only for 2-segment DCI design)

5. [bookmark: OLE_LINK244]Discussion on CCE location staggering and search space configuration
In 38.213 [5] 10.1, the CCE location of different carrier are staggered to decrease the PDCCH blocking rate as copied below.
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We hence have the following proposal to utilize the CCE location staggering for multi-carrier scheduling DCI.

[bookmark: OLE_LINK251][bookmark: OLE_LINK256]Proposal 10: Use the CCE index formula in 38.213 10.1 to stagger the DCI with different set of scheduled cells, where nCI is replaced by the set index where one set contains a group of cells. One example is shown below:
	Scheduled cells combination for one multi-cell scheduling DCI
	Which cell to count the corresponding DCI size and BD/CCE
	nCI (set index)

	Cell 1, Cell 2, Cell 3, Cell 4
	Cell 1
	0

	Cell 2, Cell 3
	Cell 2
	1

	Cell 2, Cell 3, Cell 4
	Cell 3
	2

	Cell 1, Cell 3
	Cell 3
	3



6. Discussion on reference PDSCH for HARQ-ACK feedback
For the following RAN1 #110 agreement:

· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot n+k, where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n is the last UL slot overlapping with the DL slot nD for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot nD for sub-slot based PUCCH.
· FFS details of reference PDSCH
[bookmark: OLE_LINK252]We think reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI.

[bookmark: OLE_LINK257]Proposal 11: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI.

7. [bookmark: OLE_LINK206][bookmark: OLE_LINK204]Discussion on 2-segment DCI specific design
This section is for discussion on 2nd DCI segment specific design. An illustration example for 2-segement DCI can be found in Figure 1.

For the 2-segement aggregated DCI, to avoid UE implementation impact, the 2 segments can be decoded separately on the same scheduling cell The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI with some link procedure.

[bookmark: OLE_LINK258]Proposal 12: For the 2-segment aggregated DCI, the 1st and 2nd segment DCI are decoded separately on the same scheduling cell. The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI. The link procedure of 1st and 2nd segment DCI can be based on some designated DCI bit values of the 1st or 2nd segment DCI
· The 2nd segment is identified by one additional DCI bit for both 1st/2nd segment DCI (Ex. 0  1st segment, 1  2nd segment)
· The 1st and 2nd segments are linked if they are on the same scheduling cell and same slot/symbol
· [bookmark: OLE_LINK227]Among cells with bitmap value 1 in the 1st segment, scheduling information of the cell with lowest ServCellIndex is put in the 1st DCI segment.
· Add one additional IE SegmentId under SearchSpace to specify this search space is for 1st segment or 2nd segment
· The linked 1st segment and 2nd segment DCI should be “both DL scheduling DCIs” or “both UL scheduling DCIs”
· Use the CCE index formula in 38.213 10.1 to stagger the 1st DCI segment and 2nd DCI segment, where for the 2nd DCI segment, nCI is replaced by the corresponding RRC configuration, for example, under SearchSpace, or a predefined number; for the 1st DCI segment, nCI is set to zero.
· For 2-segment DCI, the short segment shares the same DCI length as fallback DCI (0_0 and 1_0, with potential zero padding), and the long segment shares a longer DCI length (with potential zero padding)
· Long DL segment size and long UL segment size can still be different

8. [bookmark: OLE_LINK203]Conclusion
In this contribution, we focus on the discussions for R18 multi-cell PUSCH/PDSCH scheduling and have the following observations and proposals:

[bookmark: OLE_LINK205]Proposal 1: RAN1 to consider both 1-segment and 2-segment DCI design (as shown in Figure 1) and compare their pros and cons to support R18 multi-cell PUSCH/PDSCH scheduling with a single DCI.

Proposal 2: A UE applies Rel-17 PDCCH monitoring limits (i.e., same  and  as in Rel-17) in a slot and DCI size limit (i.e., “3+1” per scheduled cell) regardless of monitoring legacy DCI formats or DCI formats 0_X/1_X or both in the slot. 

Proposal 3: Existing DCI size budget is maintained per scheduled cell regardless of UE is configured with DCI formats 0_X/1_X or not.

Proposal 4: BD/CCE is counted on the scheduled cell regardless of UE is configured with DCI formats 0_X/1_X or not.

Observation 1: When one DCI can schedule multiple cells, say cell 1, cell 2, and cell 3, it is not clear which cell should the corresponding DCI size and BD/CCE counted on.

Proposal 5: For a multi-cell scheduling DCI, use a pre-defined rule to determine which cell should the corresponding DCI size and BD/CCE counted on. For example:
· The corresponding DCI size and BD/CCE is counted on the co-scheduled cell with the lowest ServCellIndex 
· The corresponding DCI size and BD/CCE is counted on the co-scheduled cell with the highest ServCellIndex

Proposal 6: Or, for a multi-cell scheduling DCI, use a RRC configured or pre-defined table to define which cell should the corresponding DCI size and BD/CCE counted on. For example:
	Scheduled cells combination for one multi-cell scheduling DCI
	Which cell to count the corresponding DCI size and BD/CCE

	Cell 1, Cell 2, Cell 3, Cell 4
	Cell 1

	Cell 2, Cell 3
	Cell 2

	Cell 2, Cell 3, Cell 4
	Cell 3

	Cell 1, Cell 3
	Cell 3



Proposal 7: For a multi-cell scheduling DCI, its search space is configured under the cell which the corresponding DCI size and BD/CCE is counted on.

Proposal 8: Or, search spaces for DCI 0_X/1_X are only configured on the scheduling cell, instead of using search space linking.

Proposal 9: The green part in Figure 2 consist of a bitmap indicating cell(s) scheduled by the 1st and/or 2nd DCI segment:
· Bitmap size = number of configured scheduled cells for this scheduling cell (Ex. 4  bc1bc2bc3bc4)
· Each bit corresponds to one of the configured scheduled cells, with MSB to LSB of the bitmap corresponding to the first to last configured scheduled cells in ascending order of ServCellIndex
· Number of 1’s in the bitmap <= maximum number of cells that can be scheduled simultaneously (Ex. 3)
· Only an “1” in the bit map means there is no 2nd segment (Only for 2-segment DCI design)

Proposal 10: Use the CCE index formula in 38.213 10.1 to stagger the DCI with different set of scheduled cells, where nCI is replaced by the set index where one set contains a group of cells. One example is shown below:
	Scheduled cells combination for one multi-cell scheduling DCI
	Which cell to count the corresponding DCI size and BD/CCE
	nCI (set index)

	Cell 1, Cell 2, Cell 3, Cell 4
	Cell 1
	0

	Cell 2, Cell 3
	Cell 2
	1

	Cell 2, Cell 3, Cell 4
	Cell 3
	2

	Cell 1, Cell 3
	Cell 3
	3



Proposal 11: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI.

Proposal 12: For the 2-segment aggregated DCI, the 1st and 2nd segment DCI are decoded separately on the same scheduling cell. The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI. The link procedure of 1st and 2nd segment DCI can be based on some designated DCI bit values of the 1st or 2nd segment DCI
· The 2nd segment is identified by one additional DCI bit for both 1st/2nd segment DCI (Ex. 0  1st segment, 1  2nd segment)
· The 1st and 2nd segments are linked if they are on the same scheduling cell and same slot/symbol
· Among cells with bitmap value 1 in the 1st segment, scheduling information of the cell with lowest ServCellIndex is put in the 1st DCI segment.
· Add one additional IE SegmentId under SearchSpace to specify this search space is for 1st segment or 2nd segment
· The linked 1st segment and 2nd segment DCI should be “both DL scheduling DCIs” or “both UL scheduling DCIs”
· Use the CCE index formula in 38.213 10.1 to stagger the 1st DCI segment and 2nd DCI segment, where for the 2nd DCI segment, nCI is replaced by the corresponding RRC configuration, for example, under SearchSpace, or a predefined number; for the 1st DCI segment, nCI is set to zero.
· For 2-segment DCI, the short segment shares the same DCI length as fallback DCI (0_0 and 1_0, with potential zero padding), and the long segment shares a longer DCI length (with potential zero padding)
· Long DL segment size and long UL segment size can still be different

9. Reference
[bookmark: OLE_LINK197]Chairman’s Notes, RAN1 #109e (9.10.1 Multi-cell PUSCH/PDSCH scheduling with a single DCI)
Chairman’s Notes, RAN1 #110 (9.10.1 Multi-cell PUSCH/PDSCH scheduling with a single DCI)
R1-2208047, “Feature lead summary #5 on multi-cell PUSCH/PDSCH scheduling with a single DCI”, Moderator (Lenovo), RAN1 #110


image1.png
One-Segment DCI Design Two-Segment DCI Design

Com 15t Cell CRC Com 15t Cell i 1cell

24 36 <10 24 24 36 <10 24

Com 1stCell 2M Cell CRC

1
2 36 36 <10 24 Com 1%t Cell oo 2cells
Com 1stCell 2n Cell 3 Cell CRC > 36_ <10 24
= 2n cell |CRC

24 36 36 36 <10 24
36 24
Only DL DCl is considered here. Com 1% Cell T 3 cells
The green part refers to the bits 24 36 <10 24
for scheduled cells indication. 2" Cell 3 Cell  CRC




image2.png
“For a search space set s associated with CORESET p, the _ for aggregation level L
corresponding to PDCCH candidate m,, ., of the search space set in slot ngf for an active DL
BWP of a serving cell corresponding to carrier indicator field value ng;are

Mgy N "
L'{(yp,n;f,"'l LICWI(L)CCEPJ . mOleCCEp/LJ}+L

'smax




